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(57) Abstract: In a fuel cell assembly comprising a plurality of cell each including an electrolyte layer (2), a pair of diffusion elec- 
^ trode layers (3, 4) interposing the electrolyte layer between them, and a pair of flow distribution plates (5) for defining passages (10, 
^ 1 1) for fuel and oxidant fluids that contact the diffusion electrode layers, the fuel cells are arranged on a common plane. Therefore] 

the vertical dimension of the fuel cell assembly can be minimized, and a fuel cell assembly of favorable electric properties can be 
O achieved. Each flow distribution plate is typically formed with communication passages for communicating fluid passages defined 
^ on each side of the electrolyte layer at a prescribed pattern. The communication passages and through holes communicate the fluid 
^ passages in such a manner that adjacent fuels cells have opposite polarities. 
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FUEL CELL ASSEMBLY 
[0001] This application claims the benefit of U.S. Provisional Application Nos. 
60/202,827, filed May 8, 2000, and 60/242,136, filed October 23, 2000, both of which 
are herein incorporated by reference. 

TECHNICAL FTF.TT) 

[0002] The present invention relates to a fuel cell assembly having a planar 
arrangement. 

BACKGROUND OF THP. INVENTION 

[0003] A fuel cell comprises an electrolyte layer and a pair of electrodes placed on 
either side of the electrolyte layer, and generates electricity through an electrochemical 
reaction between fuel gas such as hydrogen and alcohol and oxidizing gas such as 
oxygen and air, which are supplied to the corresponding electrodes, with the aid of a 
catalyst. There are a number of different types of fuel cells that have been proposed. 
Many of them use liquid electrolytes, but those using solid electrolytes are being 
preferred more and more for the ease of fabrication and handling. 
[0004] However, the voltage output produced from each cell is very low, typically in 
the order of 1 volt or less, and most applications require substantially higher voltages. 
Therefore, it is necessary to connect individual fuel cells electrically in series or stack a 
number of individual fuel cells. In either case, the fabrication process gets complicated, 
and the fabrication cost increases. Also, it is not easy to ensure proper electric insulation 
between individual fuel cells, and reduce the internal resistance of the electrical path in 
the fuel cell assembly. 
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{00051 Conventionally, because of the need to form fuel and oxidant passages for a 
number of fuel cells of an assembly, there has been some difficulty in achieving a 
compact design of a fuel cell assembly. In particularly, previously proposed fuel cells 
typically had stacked structures, and this necessitated a certain dimension in the 
stacking direction. However, in some applications, it is desirable to provide a fuel cell 
assembly in the form of a sheet 

BRIEF SUMMARY OF THE INVENTION 

[0006] In view of such problems of the prior art, a primary object of the present 
invention is to provide a fuel cell assembly which includes a number of fuel cells in a 
planar arrangement as an integral assembly. 

[0007] A second object of the present invention is to provide a fuel cell assembly 
which can produce a high voltage without stacking a large number of fuel cells. 
[0008] A third object of the present invention is to provide a fuel cell assembly which 
is easy to fabricate. 

[0009J A fourth object of the present invention is to provide a fuel cell assembly 
which provides a favorable insulation. 

[0010] These and other objects of the present invention can be accomplished by 
providing a fuel cell assembly comprising a plurality of cells each including an 
electrolyte layer, a pair of diffusion electrode layers interposing the electrolyte layer 
between them, and a pair of flow distribution plates for defining passages for fuel and 
oxidant fluids that contact the diffusion electrode layers, wherein: the fuel cells are 
arranged on a common plane. 

[0011] Thus, a fuel cell assembly in the form of a sheet can be obtained, and it can 
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provide a desired high voltage at will. To supply fuel fluid and oxidant fluid to fluid 
passages adjoining the difiusion electrodes provided on both sides of the electrolyte 
layer, communication passages for communicating the fluid passages defined on each 
side of the electrolyte layer at a prescribed pattern may be formed on at least one side of 
the flow distribution plate. According to a preferred embodiment of the present 
invention, the communication passages are formed primarily on a side of each of the 
flow distribution plates facing the electrolyte layer. 

[0012] The communication passages necessarily take up a certain amount of area of 
the fuel cell assembly, and such an area reduces the area that is effective in directly 
producing electricity. To minimize such an area that does not directly contributes to the 
generation of electricity, the communication passages may extend on both sides of each 
flow distribution plate. Based upon such a consideration, a communication passage 
plate may be placed on a side of at least one of the flow distribution plates facing away 
from the electrolyte layer. In this case, the communication passages may include first 
communication passages that are defined between the flow distribution plate and 
communication passage plate so as to communicate with the corresponding fluid 
passages via through holes formed in the flow distribution plate, and second 
communication passages that are defined between the flow distribution plate and 
electrolyte layer so that the fluid passages are communicated with one another 
according to a prescribed pattern jointly by the first and second communication 
passages. 

[0013] Typically, each of the flow distribution plates comprises a plurality of recesses 
formed on a side thereof facing the electrolyte layer so as to form individual cells, the 
recesses being communicated to one another according to a prescribed pattern by the 
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communication passages. In this case, the area of the fuel cell assembly that does not 
directly contribute to the generation of electricity can be niinimized by placing a 
communication passage plate on an outer side of each flow distribution plate, the 
communication passage plate being provided, on a side facing the flow distribution 
plate, with grooves for communicating the recesses with one another according to a 
prescribed pattern jointly with through holes passed across the flow distribution plate. 
[0014] It is preferable to arrange the communication passages and through holes 
communicating the fluid passages in such a manner that adjacent fuels cells have 
opposite polarities. By so doing, the arrangement for connecting the fuel cells 
electrically in series can be simplified. 

[0015] According to a particularly preferred embodiment of the present invention, the 
fuel cells share a common planar electrolyte layer so that the fabrication process for the 
fuel cell assembly may be simplified. In this case, the fuel cells may comprise those 
disposed in a peripheral part of the electrolyte layer, and those disposed in a central part 
of the electrolyte layer. 

[0016J It is essential to prevent cross-talk between the fuel fluid and oxidant fluid in 
the fuel cell assembly. This can be easily accomplished by using a seal plate interposed 
between each of the flow distribution plates and the electrolyte layer so as to seal off 
adjacent recesses from one another, the communication passages and through holes 
communicating the recesses in such a manner that adjacent fuels cells have opposite 
polarities. 

[0017J The peripheral part of the fuel cell assembly can be sealed in a reliable manner 
if one of the seal plates is provided with a central recess and a relatively thick peripheral 
part in such a manner that the two seal plates are sealably engaged with each other along 
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a peripheral part thereof while the electrolyte layer is received in the central recess. 
[0018] According to a preferred embodiment of the present invention, at least one of 
the seal plates may comprise a grid-shaped portion which is adapted to be received in 
corresponding grooves formed on the opposing surface of the corresponding flow 
distribution plate. 

[0019] The serial electric connection between adjacent fuel cells can be accomplished 
in a number of different ways. For instance, the diffusion electrode layers may extend 
across parts of the electrolyte layer belonging to adjacent cells according to a prescribed 
pattern so that at least part of the plurality of cells are electrically connected in series. 
Alternatively, the fuel cells may be provided with individual diffusion electrode layers, 
the fuel cell assembly further comprising interconnect electrode layers which extend 
across diffusion electrode layers of adjacent cells according to a prescribed pattern so 
that at least part of the plurality of cells are electrically connected in series. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] Now the present invention is described in the following with reference to the 
appended drawings, in which: 

[0021] Figure 1 is a perspective view of a fuel cell given as a first embodiment of the 
present invention; 

[0022] Figure 2(a) is a plan view showing the communication passage plate provided 
on one side of the fuel cell of Figure 1; 

[0023] Figure. 2(b) is a plan view showing one of the flow distribution plates of the 
fuel cell of Figure 1; 

[0024] Figure 2(c) is a plan view showing the seal plate interposed between the flow 
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distribution plate and electrolyte layer, 

[0025] Figure 2(d) is a plan view of one of the sides of the electrolyte facing the one 
flow distribution plate; 

[0026] Figure 2(e) is a plan view of the other side of the electrolyte facing the other 
flow distribution plate; 

[0027] Figure 2(f) is a plan view showing the seal plate interposed between the other 
flow distribution plate and electrolyte layer, 

[0028] Figure 2(g) is a plan view of the other flow distribution plate; 

[0029] Figure 2(h) is a plan view showing the communication passage plate provided 

on the other side of the fuel cell; 

[0030] Figure 3 (a) is a sectional view taken along line Bla-nia of Figure 2(b); 
[0031] Figure 3 (b) is a sectional view taken along line mwnb of Figure 2(b); 
[0032] Figures 4(a) and 4(b) are views similar to Figures 2(g) and (2(h) showing a 
modification to the first embodiment; 

[0033] Figure 5 is a perspective view of a fuel cell given as a second embodiment of 
the present invention; 

[0034] Figure 6(a) is a plan view showing the communication passage plate provided 
on one side of the fuel cell of Figure 5; 

[0035] Figure 6(b) is a plan view showing one of the flow distribution plates of the 
fuel cell of Figure 5; 

[0036] Figure 6(c) is a plan view showing the seal plate interposed between the flow 
distribution plate and electrolyte layer; 

[0037] Figure 6(d) is a plan view of one of the sides of the electrolyte facing the one 
flow distribution plate; 
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[0038] Figure 6(e) is a plan view of the other side of the electrolyte facing the other 
flow distribution plate; 

[00391 Figure 6(f) is a plan view showing the seal plate interposed between the other 
flow distribution plate and electrolyte layer, 

[0040] Figure 6(g) is a plan view of the other flow distribution plate; 

[0041] Figure 6(h) is a plan view showing the communication passage plate provided 

on the other side of the fuel cell; 

[0042] Figure 7(a) and 7(b) are enlarged views of the flow distribution plates of the 
fuel cell of Figure 5; 

[0043] Figure 8 is a sectional view taken along line VHI-Vni of Figure 7(a); 
[0044] Figure 9 is a sectional view taken along line DC-IX of Figure 7(b); 
[0045] Figure 10(a) is a plan view showing one of the flow distribution plates of the 
fuel cell of the third embodiment; 

[0046] Figure 10(b) is a plan view showing the seal plate interposed between the flow 
distribution plate and electrolyte layer; 

[0047] Figure 10(c) is a plan view of one of the sides of the electrolyte facing the one 
flow distribution plate; 

[0048] Figure 10(d) is a plan view of the other side of the electrolyte facing the other 
flow distribution plate; 

[0049] Figure 10(e) is a plan view showing the seal plate interposed between the other 
flow distribution plate and electrolyte layer; 

[0050] Figure 10(f) is a plan view of the other flow distribution plate; 

[0051] Figure 1 1(a) and 1 1(b) are enlarged views of the flow distribution plates of the 

fuel cell of the third embodiment; and 
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[0052] Figures 12(a) and 12(b) are current-voltage plots of fuel cell assemblies 
according to the present invention. 

DETAILED D ESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0053] Figure 1 is an exploded perspective view showing a first embodiment of the 
present invention given as a planar fuel cell assembly, and Figures 2(a) to 2(h) are plan 
views showing different parts of the fuel cell assembly. In this fuel cell assembly, fuel 
consisting of reformed alcohol, hydrogen gas or the like is supplied to each fuel cell 
stack along with oxidizing agent such as air. The fuel and oxidizing agent are treated as 
gas throughout this application, but may also consist of liquid such as alcohol and 
hydrogen peroxide as can be readily appreciated by a person skilled in the art 
[0054] This fuel cell assembly comprises an electrolyte layer 3 interposed between a 
pair of flow distribution plates 1 and 2 each having a plurality (16 in this case) of 
rectangular recesses 8 and 9 which are arranged on a side facing the electrolyte layer 2 
in a matrix pattern on a common plane so as to define passages for fuel gas or oxidizer 
gas, as the case may be. On the side of each flow distribution plate 1 and 2 facing away 
from the electrolyte layer 3 is placed a communication passage plate 4 and 5 for 
defining first communication passages as described hereinafter. A seal plate 6 and 7, 
having openings 6a and 7a corresponding to each recess, is placed between each flow 
distribution plate 1 and 2 and the electrolyte layer 3 to seal off each recess 8 and 9 from 
one another. 

[0055] One of the seal plates 6 consists of a simple plate having a unifonn thickness. 
The other of the seal plates 7 has a relatively thick peripheral part 7b, a central recess 7c 
surrounded by the thick peripheral part 7b and a relatively thin central part 7d which is 
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recessed from the peripheral part 7b. The central recess 7c is dimensioned so as to 
snugly receive the electrolyte layer 3. Therefore, with the electrolyte layer 3 thus placed 
in the central recess 7c, by placing one of the seal plate 6 over the other seal plate 7, the 
peripheral parts of the two seal plates 6 and 7 are made to closely contact each other, 
and the recesses 8 and 9 of the flow distribution plates 6 and 7 are substantially sealed 
off from one another. 

[0056J A fuel cell assembly is thus formed by placing the communication passage 
plate 4, distribution plate 1, seal plate 6, electrolyte layer 3, seal plate 7, flow 
distribution plate 2 and communication passage plate 5 one over another, and attaching 
the peripheral part together, for instance by using a bonding agent When appropriate, 
the boundary areas between adjacent recesses 8 and 9 may also be bonded together. 
[0057] Figures 2(a), 2(b), 2(c), 2(e), 2(f), 2(g) and 2(h) are plan views as seen from the 
side of the communication passage plate 5, but Figure 2(d) is a plan view as seen from 
the other communication passage plate 4 to better illustrate the pattern of the diflusion 
electrode layers formed over the surfaces of the electrolyte layer 3. 
[0058] Referring to Figures 2(a) to 2(h) and Figure 3(a), the illustrated fuel cell 
assembly comprises a plurality (16, in the illustrated embodiment) of identical cells C 
each consisting of a pair of mutually opposing recesses 8 and 9 formed on the opposing 
surfaces of the flow distribution plates 1 and 2, and the corresponding part of the 
electrolyte layer 3 interposed between these recesses 8 and 9. 

[0059] Referring to Figures 1, 2(a) to 2(h) and 3(b), 12 of the recesses 8 of the flow 
distribution plate 1 are each provided with a small communication hole 11 
communicating with the reverse side of the flow distribution plate 1. The surface of the 
corresponding communication passage plate 4 directly facing the flow distribution plate 
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1 is provided with six oblique grooves 13 each communicating a corresponding pair of 
the small communication holes 1 1 as best illustrated in Figures 2(a) and 2(b). Similarly, 
12 of the recesses 9 of the flow distribution plate 2 are each provided with a small 
communication hole 12 communicating with the reverse side of the flow distribution 
plate 2. The surface of the corresponding communication passage plate 5 directly facing 
the flow distribution plate 2 is provided with six oblique grooves 14 each 
communicating a corresponding pair of the small communication holes 12 as best 
illustrated in Figures 2(g) and 2(h). These oblique grooves 13 and 14 fonn first 
communication passages when the communication passage plates 4 and 5 are placed 
over the opposing surfaces of the flow distribution plates 1 and 2 in cooperation with 
the through holes 1 1 and 12. 

[0060] The surface of the flow distribution plate 1 facing the seal plate 6 is provided 
with six oblique grooves 15 each for communicating a diagonally adjacent pair of 
recesses 8 to each other. These grooves 15 form second communication passages when 
the flow distribution plate 1 is placed closely over the seal plate 6 as best illustrated in 
Figure 2(b). Similarly, the surface of the flow distribution plate 2 facing the seal plate 7 
is provided with six oblique grooves 16 for communicating diagonally adjacent recesses 
9. These grooves 16 form second communication passages when the flow distribution 
plate 2 is placed closely over the seal plate 7 as best illustrated in Figure 2(g). 
[0061] The flow distribution plates 1 and 2, communication passage plates 4 and 5, 
and seal plates 6 and 7 are made of single crystal silicon, and the recesses, grooves and 
through holes are formed in them as rectangular openings by performing anisotropic 
etching (wet etching). However, when other working process such as dry etching is used, 
the shapes of the openings can be selected at will. 
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[0062] In the illustrated embodiment, the recesses in each flow distribution plates are 
communicated with the first and second communication passages in a zigzag pattern 
across the flow distribution plate in both X and Y directions so that each pair of adjacent 
recess in both X and Y directions belong to mutually different gas supply systems. 
Therefore, each adjacent pair of the fuel cells are given with opposite polarities. 
[0063] The fuel gas (H), consisting of hydrogen gas in this case, is introduced into the 
recesses 8, which are communicated to each other by the grooves 13 and 15, via through 
holes 21 and 22 formed in a fringe portion of the communication passage plate 4, 
through holes 23 and 24 formed in a fringe portion of the flow distribution plate 1, and 
short grooves 25 and 26 extending from the through holes 23 and 24 to the adjacent 
recesses 8. The oxidizer gas (O), consisting of air in this case, is introduced into the 
recesses 8, which are communicated to each other by the grooves 13 and 15, via through 
holes 27 and 28 formed in a fringe portion of the communication passage plate 4, 
through holes 29 and 30 formed in a fringe portion of the flow distribution plate 1, and 
short grooves 3 1 and 32 extending from the through holes 29 and 30. As can be readily 
appreciated, the hydrogen gas and air are supplied to mutually separated gas passage 
systems. 

[0064] The hydrogen gas (H) which has been supplied to the recesses 8 of the flow 
distribution plate 1 is then conducted to the recesses 9 of the other flow distribution 
plate 2 via short grooves 33 and 34 formed on the surface of the flow distribution plate 
1 facing the seal plate 6, through holes 37 and 28 formed in a fringe portion of the seal 
plate 6, through holes 41 and 42 formed in a fringe portion of the seal plate 7, and short 
grooves 45 and 46 formed on the surface of the flow distribution plate 2 facing the seal 
plate 7. After passing through the recesses 9, the hydrogen gas (H) is either recovered or 
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expelled via short grooves 49 and 50 and through holes 51 and 52 formed in the flow 
distribution plate 2, and through holes 57 and 58 formed in the communication passage 
plate 5. The recesses 9 for the hydrogen gas are communicated with one another by the 
grooves 16 and 14. 

[0065] The air (O) which has been supplied to the recesses 8 of the flow distribution 
plate 1 is then conducted to the recesses 9 of the other flow distribution plate 2 via short 
grooves 35 and 36 formed on the surface of the flow distribution plate 1 facing the seal 
plate 6, through holes 39 and 40 formed in a fringe portion of the seal plate 6, through 
holes 43 and 44 formed in a fringe portion of the seal plate 7, and short grooves 47 and 
48 formed on the surface of the flow distribution plate 2 facing the seal plate 7. After 
passing through the recesses 9, the oxidizer gas (O) is either recovered or expelled via 
short grooves 53 and 54 and through holes 55 and 56 formed in the flow distribution 
plate 2, and through holes 59 and 60 formed in the communication passage plate 5. The 
recesses 9 for the air are again communicated with one another by the grooves 16 and 
14. 

[0066] The electrolyte layer 3 comprises a single solid electrolyte layer 61 which is 
common to all of the units of the fuel cell, and gas diffusion electrode layers 62 and 63 
which are placed over the two surfaces of the solid electrolyte layer 61. Each of the gas 
diffusion electrode layers 62 and 63 extend across a pair of adjacent fuel cells in such a 
manner that all of the cells in the fuel cell assembly are electrically connected in series. 
The solid electrolyte layer 61 may be made of such materials as perfluorocarbonsulfonic 
acid (Nafion: tradename), phenolsulfonic acid, polyethylenesulfonic acid, 
polytrifluorosulfonic acid, and so on. The gas diffusion electrode layers 62 and 63 may 
consist of porous sheet such as carbon sheet containing a platinum catalyst. Because 
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adjacent cells of the fuel cell assembly has opposite polarities, simply by connecting 
each pair of adjacent fuel cells on a same side of the electrolyte layer, the entire fuel 
cells in the assembly can be connected electrically in series. 

[00671 Although not shown in the drawings, some or all of the fuel cells can be 
connected electrically in parallel by extending each of the corresponding diffusion 
electrode layers across diagonally adjacent fuel cells. By suitably combining such series 
and parallel arrangements, it is possible to achieve a fuel cell assembly of a desired 
voltage or current capacity. 

[0068] In the foregoing embodiment, the first and second communication passages 
were defined by the grooves formed in the surface of the communication passage plate 4 
facing the flow distribution plate, the surface of the flow distribution plate 1 facing the 
seal plate 7, the surface of the flow distribution plate 2 facing the seal plate 7, and the 
surface of the communication passage plate facing the flow distribution plate 5, in 
cooperation with the through holes, but may also be defined by grooves formed in the 
opposite surfaces or both the opposing surfaces. 

[0069] Figures 4(a) and 4(b) show such a modification. In the modified embodiment 
illustrated in Figures 4(a) and 4(b), the oblique grooves 14' for forming the first 
communication passages are formed on the backside of the flow distribution plate 2', 
instead of the communication passage plate 5. The oblique grooves 14' define the first 
passages for communicating diagonally adjacent through holes 12, in cooperation with 
the flat surface of a cover plate 5' which is placed over the backside or outer surface of 
the flow distribution plate 2. Similar oblique passages (not shown in the drawings) may 
be formed on the backside of the flow distribution plate 1 so as to form the first 
communication passage, again, in cooperation with a flat surface of a similar cover plate 
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(not shown in the drawings). 

[0070] The oblique grooves 14' and 16 cross each other on different etch-levels, one 
set 16 on the front side and the other set 14' on the backside of a single silicon wafer. 
This simplifies the construction of the cover plate 5' and offers better alignment of 
passages within the flow distribution plates. Thus the cover plate 5' can be thin, and 
manufactured very easily because it only requires through-holes as inlet and outlet ports. 
Alignment is now less critical because the ports can be oversized, and lower-cost 
methods can now be employed for manufacturing the cover plate. 
[0071] If a required sealing is achieved between the electrolyte layer 3 and each of the 
flow distribution plates 1 and 2, it is possible to eliminate the seal plates 6 and 7. 
[0072] Figure 5 is an exploded perspective view of a fuel cell assembly given as a 
second embodiment of the present invention. In this embodiment, the parts 
corresponding to those of the previous embodiment are denoted with like numerals plus 
100, and description of such parts is omitted from the following description to avoid 
unnecessary redundancy. Figures 6(a) to 6(h) are plan view of the different components 
of the fuel cell assembly, and Figures 7(a) and 7(b) are enlarged plan views of the flow 
distribution plates 101 and 102. Because the flow scheme for the fuel gas and oxidizer 
gas in this embodiment is similar to that of the first embodiment, the detailed 
description thereof is omitted from the following description. 

[0073] In this embodiment also, to define the passages for the fuel gas and oxidizer 
gas, the fuel cell assembly comprises a pair of flow distribution plates 101 and 102 
defining a plurality (16, in this embodiment) of recesses 108 and 109, respectively, 
which are arranged in both X and Y directions on a plane in each case, and an 
electrolyte layer 103 interposed between the flow distribution plates 101 and 102. On 



WO 01/95406 



PCT/US01/11763 



- 15 - 

the surface of each flow distribution plate 101 and 102 facing away from the electrolyte 
layer 103 is placed a communication passage plate 104 and 105 so as to define first 
communication passages in a similar manner as the first embodiment 
[0074] The surface of the flow distribution plate 101 facing the electrolyte layer 103 is 
formed with grooves 101a in the pattern of a grid so as to surround each recess 109. 
These grooves 101a receive a grid-shaped seal plate 106. Another seal plate 107 is 
interposed between the electrolyte layer 103 and the other flow distribution plate 102. 
The seal plate 107 comprises a fringe portion 107a having a relatively large thickness, a 
central recess 107b, and a grid-shaped seal portion 107c formed in the bottom of the 
central recess 107b. The grid-shaped portion 107c is similar to the seal plate 106 in 
structure, and is received in the grooves 102a formed in the flow distribution plate 102 
in the shape of a grid so as to surround each recess 109. 

[0075] A fuel cell assembly is thus formed by placing the communication passage 
plate 104, flow distribution plate 101, seal plate 106, electrolyte layer 103, seal plate 
107, flow distribution plate 102 and communication passage plate 105 one over another, 
and attaching the peripheral part together, for instance by using a bonding agent. The 
electrolyte layer 103 is snugly received in the central recess 107b of the seal plate 107, 
and the grid-shaped seal plate 106 is received in the corresponding grooves 101a of the 
flow distribution plate 101 while the grid-shaped seal portion 107c of the seal plate 107 
is received in the corresponding grooves 102a of the flow distribution plate 102. 
[0076] Figures 6(a), 6(b), 6(c), 6 (d), 6(e), 6(f) and 6(h) are plan views as seen from 
the side of the communication passage plate 105, but Figure 6(g) is a plan view as seen 
from the other communication passage plate 104 to better illustrate the pattern of the 
diffusion electrodes formed over the surfaces of the electrolyte layer 103. 
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[0077] In this embodiment also, each of the recesses 108 of the flow distribution plate 
101, the opposing recess 109 of the opposite flow distribution plate 102, and the part of 
the electrolyte layer 103 interposed between these recesses 108 and 109 define a fuel 
cell C. The illustrated fuel cell assembly consists of 16 such independent fuel cells. 
10078] Referring also to Figures 8 and 9, because both the seal plate 106 and 
electrolyte layer 103 are received in the central recess 107b of the seal plate 107 in the 
assembled state of the fuel cell assembly, only the communication passage plate 104, 
flow distribution plate 101, seal plate 107, flow distribution plate 102 and 
communication passage plate 105 are visible from sideways as being stacked one over 
another. Inside the fuel cell assembly, the flow distribution plate 101, electrolyte layer 

103 and flow distribution plate 102 are stacked one over another with the seal plates 106 
and 107 sealing each of the fuel cells. 

[0079] Referring to Figures 5, 6(a) to 6(h), and 9, 12 of the recesses 108 of the flow 
distribution plate 101 are provided with communication holes 1 1 1 which reach the other 
side of the flow distribution plate 101. The surface of the communication passage plate 

104 facing the flow distribution plate 101 is provided with six oblique grooves 1 13 each 
communicating a corresponding pair of the small communication holes 111. Therefore, 
the diagonally opposing pairs of recesses 108 are communicated with one another 
according to the pattern illustrated in Figures 6(a) and 6(b) via first communication 
passages formed by the through holes 111 and grooves 113. Similarly, 12 of the 
recesses 109 of the other flow distribution plate 102 are provided with communication 
holes 1 12 which reach the other side of the flow distribution plate 102. The surface of 
the communication passage plate 105 feeing the flow distribution plate 102 is provided 
with six oblique grooves 114 each communicating a corresponding pair of the small 
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communication holes 112. Therefore, the diagonally opposing pairs of recesses 109 are 
communicated with one another according to the pattern illustrated in Figures 6(f), 6(g) 
and 6(h) via first communication passages formed by the through holes 112 and grooves 
114. 

[0080] The surface of the flow distribution plate 101 facing the electrolyte layer 103 
and seal plate 106 is formed with six oblique grooves 115 each communicating a 
diagonally adjacent pair of the recesses 108. Each groove 1 15 is deeper than the grooves 
101a for receiving the seal plate 106 as shown in Figure 8 so that the seal plate 106 
would not block the grooves 115. As the seal plate 106 and electrolyte layer 103 are 
closely placed over the flow distribution plate 101, the grooves 115 define second 
communication passages, and each pair of the diagonally adjacent recesses 108 are 
communicated with each other according to the pattern illustrated in Figures 6(a) and 
6(b). Similarly, the surface of the flow distribution plate 102 facing the seal plate 107 is 
formed with six oblique grooves 116 each communicating a diagonally adjacent pair of 
the recesses 109. As the grid-shaped seal portion 107c of the seal plate 107 and 
electrolyte layer 103 are closely placed over the flow distribution plate 102, the grooves 
116 define second communication passages, and each pair of the diagonally adjacent 
recesses 109 are communicated with each other according to the pattern illustrated in 
Figures 6(f), 6(g) and 6(h). 

[0081] The electrolyte layer 103 comprises a single solid electrolyte layer 161, and 32 
diffusion electrode layers 162 and 163 arranged in the same pattern as the recesses 108 
and 109, with 16 of them on one side of the solid electrolyte layer 161and the remaining 
16 on the other side. These diffusion electrode layers 162 and 163 register with the 
recesses 108 and 109, and are slightly larger than the recesses 108 and 109. Only the gas 
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diffusion layers 162 on one side of the solid electrolyte layer 161 are shown in Figure 
6(d), but the gas diffusion layers 163 are also provided on the other side of the solid 
electrolyte layer 161 at the corresponding positions. 

[0082] Referring to Figures 7(a) and 7(b), the surface of the flow distribution plate 101 
facing the electrolyte layer 103 is formed with interconnect electrodes 121 consisting of 
gold (Au) and formed by vapor deposition or the like. Similarly, the surface of the flow 
distribution plate 102 facing the electrolyte layer 103 is fonned with similar 
interconnect electrodes 122. These interconnect electrodes 121 and 122 are arranged in 
a similar pattern as the gas diffusion electrodes 62 and 63 of the first embodiment, and 
connect the fuel cells C electrically in a series. The interconnect electrodes 121 and 122 
he over the peripheral parts of the recesses 108 and 109 so that an adequate contact 
surface may be ensured between each interconnect electrode and the corresponding 
recesses. 

[0083] The interconnect electrodes 121 and 122 extend into the interior of each recess 
108 and 109. This increases the effective cross sectional area of the interconnect 
electrodes 121 and 122, and reduces the internal electric resistance of each fuel cell. 
[0084] If desired, a plurality of projections may be formed in each recess 108 and 108 
so as to contact the opposing gas diffusion electrode layer, and the interconnect 
electrodes 121 and 122 may then be formed over the projections also. The diffusion 
electrode layers typically have a relatively high electric resistance due to their high 
porosity so that the platinum catalyst contained in the diffusion electrode layers may 
cany a significant part of electric current. Therefore, by electrically contacting the 
interconnect electrode 121 and 122 with the gas diffusion electrode layers at a plurality 
of points via these projections, the internal electric resistance of each fuel cell can be 
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minimized. 

[0085] As the flow distribution plate 101, electrolyte layer 103 and flow distribution 
plate 102 are placed one over another in this order in close contact, the interconnect 
electrodes 121 and 122 contact the gas diffusion electrode layers 162 and 163 as shown 
in Figures 8 and 9, and the fuel cells C are all connected electrically in series. Thus, 
even when each gas diffusion electrode layer has a relatively high electric resistance, it 
is possible to minimize the overall electric resistance of the fuel cell assembly, and 
ensure a high power generating efficiency. 

[0086] Figures 10(a) to 10(f) show a third embodiment of the present invention. In this 
embodiment, the structure of the electrolyte layer and gas diffusion electrode, and the 
electric connection between the different units of the fuel cell are not different from 
those of the first embodiment, and are therefore omitted from the following description. 
In fact, in the description of this embodiment, the parts corresponding to those of the 
first embodiment are denoted with like numerals plus 200, and description of such parts 
is omitted from the following description to avoid unnecessary redundancy. 
[0087] The fuel cell assembly of this embodiment comprises a pair of flow distribution 
plates 201 and 202 each provided with recesses 208 and 209 for conducting fuel gas or 
oxidizer gas and two systems of passages communicating the recesses of the same gas 
passage system to one another, and an electrolyte layer 203 closely interposed between 
the flow distribution plates 201 and 202. In this embodiment, the sides of the flow 
distribution plates 201 and 202 facing away from the electrolyte layer 203 are not 
provided with any communication passage plate as opposed to the previous 
embodiments. A seal plate 206 provided with rectangular openings 206a corresponding 
to the recesses 208 is interposed between the flow distribution plate 201 and the 
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electrolyte layer 203 to seal off each fuel cell from the adjacent cells, and permit 
communication only through prescribed communication passages. A similar seal plate 
207 provided with rectangular openings 207a corresponding to the recesses 209 is 
interposed between the flow distribution plate 202 and the electrolyte layer 203 to seal 
off each fuel cell from the adjacent fuel cells. 

[0088] The seal plate 207 comprises a relatively thick peripheral part 206a, a central 
recess 206b, and grid-shaped seal portion 206c provided in the bottom portion of the 
central recess 206b. The central recess 206b is adapted to snugly receive the electrolyte 
layer 203. By placing the seal plate 207 over the seal plate 206 with the electrolyte layer 
203 received in the central recess 206b of the seal plate 206, the peripheral parts of the 
two seal plates 206 and 207 are brought into a sealing engagement 
[0089] As best illustrated in the enlarged view of Figure 1 1(a), the recesses 208 of the 
flow distribution plate 201 are communicated to one another in an alternate fashion via 
communication grooves 211 forming a fuel gas passage system and communication 
grooves 212 forming an oxidizer gas passage systom. These passages 211 and 212 are 
formed in the grid shaped region and peripheral region surrounding the recesses 208. 
Similarly, as shown in Figure 1 1(b), the recesses 209 of the flow distribution plate 202 
are communicated to one another in an alternate fashion via communication grooves 
213 forming an oxidizer gas passage system and communication grooves 214 forming a 
fuel gas passage system. These passages 213 and 214 are again formed in the grid 
shaped region and peripheral region surrounding the recesses 209. By placing the flow 
distribution plates 201 and 202 over the different sides of the electrolyte layer 203 via 
the seal plate 206 and 207, each adjacfent pair of the 16 fuel cells are associated with the 
two gas passage systems in mutually opposite senses, and are thus given with a 
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mutually opposite electric polarities. Each recess 208 and 209 is provided with a central 
partition 208a and 209a extending partly across the recess so that the gas flow may 
circulate over the entire volume of the recess. 

[0090] The fuel gas H, which may consist of hydrogen gas, is supplied to the recesses 
208 of the flow distribution plate 201 via a through hole 216 formed in a fringe portion 
of the flow distribution plate 201 and an inlet passage 217. The oxidizer gas O, which 
may consist of air, is supplied to the recesses 208 of the flow distribution plate 201 via a 
through hole 218 formed in a fringe portion of the flow distribution plate 201 and an 
inlet passage 218. 

[0091] The fuel gas H which has passed through the recesses 208 of the flow 
distribution plate 201 is supplied to the recesses 209 of the other flow distribution plate 
202 via an exit passage 222 formed in a fringe portion of the flow distribution plate 201, 
through hole 224 formed in a fringe portion of the seal plate 206, through hole 226 
formed in a fringe portion of the seal plate 207, and inlet passage 228 formed in the 
other flow distribution plate 202. After passing through the recesses 209, the fuel gas H 
is expelled from an exit passage 230 and through hole 232 formed in a fringe portion of 
the flow distribution plate 202 via the communication grooves 213. 
[0092] The oxidizer gas O which has passed through the recesses 208 of the flow 
distribution plate 201 is supplied to the recesses 209 of the other flow distribution plate 
202 via an exit passage 223 formed in a fringe portion of the flow distribution plate 201, 
through hole 225 formed in a fringe portion of the seal plate 206, through hole 227 
formed in a fringe portion of the seal plate 207, and inlet passage 229 formed in the 
other flow distribution plate 202. After passing through the recesses 209, the oxidizer 
gas O is expelled from an exit passage 231 and through hole 233 formed in a fringe 
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portion of the flow distribution plate 202 via the communication grooves 214. 
[0093] Figure 12(a) shows an actual current-voltage plot of a two-cell assembly 
according to the present invention. The experiment in Figure 12a was rim with a truly 
continuous one-piece membrane onto which electrode pairs were bonded, and the gas 
channels were linked externally with tubing and tee-fittings. The specifications of this 
fuel cell assembly are listed in the following: 

- two-cell assembly, 22 mm x 22 mm per cell 

- MEA consisting of continuous Nafion and carbon cloth 

- catalyst Pt/C 0.4 mg/cm 2 

- glass flow structures by wet-etching, 400 \un islands, 150 jim deep 

- 200 run sputtered gold on flow structures for interconnection 

- fuel: hydrogen, 35 kPa, unhumidified 

- oxidant: oxygen, 35 kPa, unhumidified 

- no external heating to cell 

[0094] Figure 12(b) shows an actual current-voltage plot of a four-cell assembly 
according to the present invention. The experiment in Figure 12b was run with a flow 
structure that had all channels connected in an integrated design on a single silicon 
wafer. Individual compartments were linked by cross-channels on the front side and 
oblique grooves on the back side of the silicon wafer. However, in this second example 
there were actually four separate MBA's positioned adjacent to one another, but 
substantially identical results would have been obtained if a single common MEA were 
used The specifications of this fuel cell assembly are listed in the following: 

- four-cell assembly, 10 mm x 10 mm per cell 

- MEA consisting of Nafion and carbon cloth 



WO 01/95406 



PCT/US01/11763 



-23. 

- catalyst Pt/C 0.4 rag/cm 2 

- Si flow structures by dry-etching, 100 jam islands, 200 fim deep 

- 1 10 nm sputtered gold on flow structures for interconnection 

- fuel: hydrogen, 100 kPa, unhumidified 

- oxidant: oxygen, 100 kPa, unhumidified 

- no external heating to cell 

[0095] In both cases, the output voltage is not significantly less than the sum of the 
output voltage of the individual fuel cells even when a relatively large current is drawn 
from the fuel cell assembly. It demonstrates a favorable insulation between individual 
cells and a low internal resistance in the electric conductance path of the fuel cell 
assembly. 

[0096] Although the present invention has been described in terms of preferred 
embodiments thereof, it is obvious to a person skilled in the art that various alterations 
and modifications are possible without departing from the scope of the present invention 
which is set forth in the appended claims. For instance, although the fuel and oxidant for 
the fuel cells are described and claimed as consisting of gases throughout the text of this 
application, it should be understood that they may also consist of liquid without 
departing from the scope and spirit of this application. 
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CLAIMS 

1 . A fuel cell assembly comprising a plurality of cells each including an 
electrolyte layer, a pair of diffusion electrode layers interposing said electrolyte layer 
between them, and a pair of flow distribution plates for defining passages for fuel and 
oxidant fluids that contact said diffusion electrode layers, wherein: 

said fuel cells are arranged on a common plane. 

2. A fuel cell assembly according to claim 1, wherein communication 
passages for communicating fluid passages defined on each side of said electrolyte layer 
at a prescribed pattern are formed on at least one side of said flow distribution plate. 

3. A fuel cell assembly according to claim 2, wherein said 
communication passages are formed on a side of each of said flow distribution plates 
facing said electrolyte layer. 

4. A fuel cell assembly according to claim 2, further comprising a 
communication passage plate placed on a side of at least one of said flow distribution 
plates facing away from said electrolyte layer, 

said communication passages including first communication passages that are 
defined between said flow distribution plate and communication passage plate so as to 
communicate with the corresponding fluid passages via through holes formed in said 
flow distribution plate, and second communication passages that are defined between 
said flow distribution plate and electrolyte layer so that said fluid passages are 
communicated with one another according to a prescribed pattern jointly by said first 
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and second communication passages. 

5. A fuel cell assembly according to claim 4, wherein said 
communication passages and through holes communicate said fluid passages in such a 
manner that adjacent fuels cells have opposite polarities. 

6. A fuel cell assembly according to claim 1, wherein said fuel cells 
share a common planar electrolyte layer. 

7. A fuel cell assembly according to claim 6, wherein said fuel cells 
comprises those disposed in a peripheral part of said electrolyte layer, and those 
disposed in a central part of said electrolyte layer. 

8. A fuel cell assembly according to claim 1, wherein each of said flow 
distribution plates comprises a plurality of recesses formed on a side thereof facing said 
electrolyte layer so as to form individual cells, said recesses being communicated to one 
another according to a prescribed pattern by said communication passages. 

9. A fuel cell assembly according to claim 8, further comprising a 
communication passage plate placed on an outer side of said flow distribution plate, said 
communication passage plate being provided, on a side facing said flow distribution 
plate, with grooves for communicating said recesses with one another according to a 
prescribed pattern jointly with through holes passed across said flow distribution plate. 
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10. A fuel cell assembly according to claim 8, further comprising a seal 
plate interposed between each of said flow distribution plates and said electrolyte layer 
so as to seal off adjacent recesses from one another, said communication passages and 
through holes communicating said recesses in such a manner that adjacent fuels cells 
have opposite polarities. 

11. A fuel cell assembly according to claim 10, wherein one of said seal 
plates is provided with a central recess and a relatively thick peripheral part in such a 
manner that said two seal plates are sealably engaged with each other along a peripheral 
part thereof while said electrolyte layer is received in said central recess. 

12. A fuel cell assembly according to claim 10, wherein at least one of 
said seal plates comprises a grid-shaped portion which is adapted to be received in 
corresponding grooves formed on the opposing surface of the corresponding flow 
distribution plate. 

13. A fuel cell assembly according to claim 1, wherein said diffusion 
electrode layers extend across parts of said electrolyte layer belonging to adjacent cells 
according to a prescribed pattern so that at least part of said plurality of cells are 
electrically connected in series. 

14. A fuel cell assembly according to claim 1, wherein said fuel cells are 
provided with individual diffusion electrode layers, said fuel cell assembly further 
comprising interconnect electrode layers which extend across diffusion electrode layers 
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of adjacent cells according to a prescribed pattern so that at least part of said plurality of 
cells are electrically connected in series. 
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